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Abstract. In this work, we explore cosmological sudden singularities arising in the dynam-
ically equivalent scalar-tensor representation of generalized hybrid metric-Palatini gravity.
Using a FLRW background, we show that the structure of the field equations prevents sud-
den singularities from arising at time derivatives of the scale factor of orders lower than four,
but that they are allowed to appear for time derivatives of higher orders. Imposing an ansatz
for the scale factor, we provide an explicit solution where these sudden singularities appear
in the fourth-order time derivative of the scale factor. A comparison of the Hubble and de-
celeration parameters arising from this model with the experimental measurements from the
Planck Satellite allow us to impose constraints on the time span for which the occurrence of
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1 Introduction
A central theme in modern cosmology is that our Universe is currently undergoing an era of
acceleration expansion [1, 2]. Most of the theoretical models assume that the cause of this
late-time cosmic speed-up is due to the presence of an exotic fluid with a negative pressure,
dubbed as dark energy [3]. In fact, according to the Planck Satellite 2018 results [4], the
equation of state of this dark component is given by ω = −1.03± 0.03, and is therefore still
compatible with a cosmological constant Λ. Now, equations of state with ω ≤ −1 correspond
to phantom fields violating the null energy condition (NEC) [5]. This feature implies that the
background cosmological evolution may undergone a singular behaviour in some cosmological
parameters, at a given finite future time ts. Such an event is dubbed as a future cosmological
singularity, which involves the divergence of the scale factor and its derivatives, and include
the Big Rip [6], in which the fact the scale factor goes to infinity at t = ts (the Rip time).
This scenario implies the impossibility of geodesic completeness [7] and prevents the survival
any structure in the universe.
These future cosmological singularities obviously pose a threat to the predictability and
determinism of our physical theories, and therefore much effort has recently been invested in
order to systematically classify them [8–12]. These classification schemes of future singularities
are based on the cosmological parameters having a divergent behaviour, which typically are
the scalar factor, the Hubble factor and its higher derivatives, as well as the energy density and
pressure of the matter fields. A particularly interesting case, that will be analysed in detail
throughout this work, is that of a sudden singularity, which is defined as a future event in the
cosmological evolution in which the scale factor, the expansion rate, and the energy density are
all finite, but the pressure diverges, thus inducing a divergence in higher-order derivatives of
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the scale factor. In addition to determining the geodesically (in)complete character of a given
spacetime containing a future cosmological singularity, one is also interested in its strength,
i.e., whether it destroys bound structures or not, such as according to the strong/weak criteria
of singularities introduced by Tipler [13] and Clarke and Krolak [14, 15], which has also been
systematically applied in the cosmological context [16].
The occurrence of a future singularity is essentially determined by the assumptions of a
specific cosmological model, such as the matter content and the theory of gravity supporting
the model. Given such a model, current cosmological observations may allow, in principle,
to constrain the time in which any such future singularity will occur [17]. In this context,
scalar-tensor theories of gravity and their cosmological consequences have been widely studied
in the literature (for some reviews see [18–20]), being constrained by gravitational wave data
[21, 22] and cosmological observations [23]. In particular, in Ref. [24] it was shown that sudden
singularities (originally introduced in [25] and further explored in [26–37]) that respect the
energy conditions can occur at finite times in Brans-Dicke and more general scalar-tensor
theories of gravity. These solutions were constructed explicitly in the Friedmann universes.
While geodesic completeness remains valid [38] and physical observers are not necessarily
crushed (weak singularity), other pathologies potentially arise [39]. It was also shown in [24]
that higher-order versions of these singularities, which involve singularities in derivatives of
the scale factor that are higher than second order, are also possible, including those that arise
when scalar fields have a self-interaction potential of a power-law form.
The main aim of this work is to study the existence of sudden singularities in a general-
ized hybrid metric-Palatini gravity theory, an extension of the f (R) theories of gravity where
the action depends not only in the Ricci scalar R of the metric but also in a Palatini Ricci
scalar built in terms of an independent connection [40]. In f (R) gravity, it is known that the
metric and the Palatini approaches give rise to two distinct theories [41], which account for
the late time cosmic acceleration of the universe without the need for dark energy sources. In
fact, the physical motivation behind a hybrid combination, containing elements from both the
metric and Palatini formalisms, turns out to be very successful in accounting for the observed
phenomenology, such as, it is able to unify the late-time cosmic acceleration with the solar sys-
tem constraints, and avoids some drawbacks of the original approaches. Indeed, an inherent
drawback of the metric f (R) is that it requires the chameleon mechanisms to correctly satisfy
the solar-system constraints [42, 43], whereas the Palatini f (R) features microscopic matter
instabilities, and is unable to describe the evolution of cosmic perturbations, and might in-
duce surface singularities in polytropic stellar models, among other problems [44, 45]. These
problems are avoided in the hybrid combination.
The generalized hybrid metric-Palatini gravity theory can be written as a scalar-tensor
one with two fields with their corresponding kinetic terms and an interaction potential [46, 47].
In fact, generalized hybrid metric-Palatini gravity extends the original linear version proposed
in [48], where it was shown that the theory passes the Solar System observational constraints
even if the scalar field is very light. This implies the existence of a long-range scalar field,
which is able to modify the cosmological [49, 50] and galactic dynamics [51, 52], but leaves
the Solar System unaffected [53–55]. Further cosmological scenarios [56–62], observational
constraints [63–67], stability issues [68–70], gravitational waves [71, 72], higher dimensional
[73, 74] and stringlike solutions [75, 76] were explored. Solutions of compact objects such
as black holes [77–80], stars [81] and wormholes geometries [82, 83] were also extensively
analysed. We refer the reader to Refs. [84–86] for reviews on the hybrid metric-Palatini
gravitational theory.
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Here, we show that the structure of the field equations of these theories prevents such
sudden singularities to arise at orders lower than four in the time derivative of the scale
factor. For higher orders, however, a sudden singularity must be present, which is triggered
by the (non-vanishing) second-time derivatives of the scalar-tensor potential. Furthermore,
using an explicit model supporting a sudden singularity we shall show that the corresponding
pressure of the matter fields must necessarily diverge, but the strong energy condition (SEC)
can be satisfied. Furthermore, we will also show these results are independent of the sectional
curvature k, due to the fact that the terms dependent on this quantity are always sub-
dominant near the sudden singularity.
This paper is organized in the following manner: in Sec. 2, we introduce the generalized
hybrid metric-Palatini gravity theory in both the geometrical and the scalar-tensor represen-
tation. In Sec. 3, taking into account the Friedmann-Lemaître-Robertson-Walker (FLRW)
spacetime, we show that sudden singularities can only appear via derivatives of order four or
higher in the scale factor. In Sec. 4, we propose a solution for a cosmology with a sudden
singularity in the fourth-order time derivative of the scale factor and use the experimental
measurements of the Hubble and deceleration parameters to impose constraints on the sudden
singularity time. Finally, in Sec. 5 we summarize and discuss our results.
2 Theory and equations of motion
In this section we will derive the equations of motion of both the geometrical and the scalar-
tensor representation of the generalized hybrid metric-Palatini gravity using the variational
method. For a more detailed calculation, we refer the reader to Sec. 2.3 and Appendix A of
Ref. [87].
2.1 Geometrical representation







−gf (R,R) d4x+ Sm, (2.1)
where κ2 ≡ 8πG/c4, G is the Newtonian gravitational constant, c is the speed of light, Ω is
the spacetime volume, and g is the determinant of the spacetime metric gab. The Lagrangian
density f(R,R) is an arbitrary function of two scalars: R ≡ gµνRµν , which is the usual Ricci
scalar of the metric gab built with its Christoffel symbols, and R ≡ gabRab, which is the
Palatini Ricci scalar of an independent connection Γ̂cab, i.e., its Ricci tensor Rab is defined as
Rab = ∂cΓ̂cab − ∂bΓ̂cac + Γ̂ccdΓ̂dab − Γ̂cadΓ̂dcb, (2.2)
where ∂a denotes a partial derivative with respect to the coordinates xa. The meaning that
the connection Γ̂cab is independent is that it is not necessarily metric-compatible, though we





−g Lm, where Lm is the matter Lagrangian density considered to be minimally
coupled to the metric gab. In this work, we shall consider a system of units for which G =
c = 1, and thus κ2 = 8π.
The gravitational sector of the action (2.1) has two independent variables, namely the
metric gab and the connection Γ̂cab, and thus we can obtain two equations of motion from
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where ∇a is the covariant derivative and  = ∇a∇a the d’Alembert operator, both defined









On the other hand, a variation of the action (2.1) with respect to the independent








where ∇̂a is the covariant derivative written in terms of the independent connection Γ̂cab,
leaving the partial derivatives unchanged. As
√
−g is a scalar density of weight 1, this implies
that ∇̂c
√
−g = 0 (see Sec. B.1 of Ref. [87] for an explicit derivation of this result), so that











the independent connection Γ̂cab becomes the Levi-Civita connection for the metric ĝab, i.e.,




ĝad (∂bĝdc + ∂cĝbd − ∂dĝbc) . (2.7)
As the metrics ĝab and gab are conformally related with a conformal factor ∂f/∂R, this
implies that the two Ricci tensors Rab and Rab, which were assumed to be independent, are
related to each other by













where fR≡∂f/∂R. Equations (2.5) and (2.8) are equivalent, and thus one usually uses the
latter due to its simpler structure.
2.2 Scalar-tensor representation
Similarly to (both metric and Palatini) f (R) gravity, the generalized hybrid metric-Palatini
theory can be rewritten in terms of a dynamically equivalent scalar-tensor representation.
This can be achieved via the introduction of two auxiliary fields α and β in the action of Eq.









f (α, β) +
∂f
∂α





One can easily see from action (2.9) that the particular solution α = R and β = R reduces to
the original action of the geometrical representation, given in Eq. (2.1). Defining two scalar
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fields ϕ and ψ as the partial derivatives of the function f (R,R) with respect to R and R
respectively, i.e., ϕ = ∂f/∂α and ψ = −∂f/∂β, where the negative sign in ψ is imposed to







−g [ϕR− ψR− V (ϕ,ψ)] d4x, (2.10)
where the function V (ϕ,ψ) plays the role of the interaction potential of the scalar fields ϕ
and ψ. This function is defined in terms of the Lagrangian density f (R,R) and the auxiliary
fields α and β as
V (ϕ,ψ) = −f (α, β) + ϕα− ψβ. (2.11)
Taking into account the relation between Rab and Rab deduced in Eq. (2.8), one can
find a relationship between R and R by taking a trace with gab. In addition to this, since the
conformal factor can be written as fR = −ψ, we obtain






Finally, inserting Eq. (2.12) into the action (2.10) to cancel the dependency in R and dis-
carding the term ψ as it does not contribute to the field equations (as it can always be
turned into a boundary term via the Stokes theorem, which vanishes by definition as the
variation is zero at the boundary), we obtain the action for the scalar-tensor representation











∂aψ∂aψ − V (ϕ,ψ)
]
d4x+ Sm. (2.13)
The action in Eq. (2.13) is now a function of three independent variables, namely the
metric gab and the scalar fields ϕ and ψ. Thus, we can obtain three equations of motion.
Variation of Eq. (2.13) with respect to the metric gab provides the modified field equations










V gab + (∇a∇b − gab) (ϕ− ψ) . (2.14)
Varying the action in Eq.(2.13) with respect to the scalar fields ϕ and ψ and manipu-
lating the resultant equations to isolate the terms ϕ and ψ, yields the Klein-Gordon-like













(Vϕ + Vψ) = 0, (2.16)
where T = gabTab is the trace of the stress-energy tensor. A final equation that will be useful
is the relationship between the derivative of the potential with respect to the field ϕ and the
Ricci scalar R. This equation is obtained from the direct variation of Eq. (2.13) with respect
to the scalar field ϕ, which yields
R = Vϕ. (2.17)
In the following sections, we work in this scalar-tensor representation of the theory. The
system of equations of motion is thus given by Eqs. (2.14)–(2.16).
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3 Sudden singularities in Friedman-Lemaître-Robertson-Walker (FLRW)
cosmologies
3.1 Equations of motion in a FLRW background
In this work, as mentioned in the Introduction, we are interested in studying the appearance of
sudden singularities in a cosmological context. Here, it is usual to assume that the spacetime
is homogeneous and isotropic. Spacetimes with these properties are described by the FLRW
line element, given in spherical coordinates (t, r, θ, φ) by







where t is the proper time coordinate, r is the radial coordinate, a (t) is the scale factor,
assumed to be a function of time only to preserve the homogeneity of the spacetime, k is the
sectional curvature and takes the values {0,±1} depending on the spacetime geometry of the
constant time slices, and dΩ2 = r2dθ2 + r2 sin2 θdφ2 is the line element over the unit sphere
surface.
We shall also consider that the matter distribution is described by an isotropic perfect
fluid, i.e., the stress-energy tensor Tab can be written in the diagonal form
gabTab = diag (−ρ, p, p, p) , (3.2)
where ρ is the energy density and p is the pressure, both assumed to be only functions of time
t. The conservation of energy for this distribution of matter is given by the usual statement
∇aT ab = 0, computed with the covariant derivative of the metric.
Introducing Eqs. (3.1) and (3.2) into the modified field equations in Eq. (2.14) and
assuming that the scalar fields ϕ and ψ are solely functions of t, one verifies that there are



































+ ϕ̈− ψ̈ − V
2
= −8πp , (3.4)
respectively. On the other hand, the equations of motion for the scalar fields in the background






(2V − ϕVϕ − ψVψ) =
8π
3










(Vϕ + Vψ) = 0. (3.6)
Finally, the conservation equation for the stress-energy tensor discussed above, ∇aT ab = 0,
obviously yields the same equation for the perfect fluid as in GR, that is
ρ̇ = −3 ȧ
a
(ρ+ p) . (3.7)
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Note that Eq. (3.3) is not independent of the remaining equations. To prove that, one verifies
that taking a derivative of Eq. (3.3) with respect to time and using Eqs. (3.5), (3.6), (3.7),
and (3.4) to cancel the terms depending on ϕ̈, ψ̈, ρ̇, ä, respectively, one recovers Eq. (3.3).
Thus, in the following sections, we shall explore the possibility of the appearance of sudden
singularities in the system of Eqs. (3.4)–(3.7).














Again, note that Eq. (3.8) is not independent of the system of Eqs. (3.4)–(3.7), and thus it
shall only be used as a tool to simplify the upcoming equations by writing dependencies on
Vϕ in terms of the scale factor a and its time derivatives.
3.2 Sudden singularities in the scale factor
A sudden singularity is defined as a future event in the cosmological evolution in which
the scale factor, the expansion rate, and the energy density are all finite, but the pressure
diverges, thus inducing a divergence in higher-order derivatives of the scale factor [25]. Let us
consider the possibility of a sudden singularity arising in the system of Eqs. (3.4)–(3.7). In
this scenario, the scale factor a and its first time derivative ȧ remain finite, but higher-order
time derivatives like ä are allowed to diverge in a finite time. For Eq. (3.4) to be satisfied
throughout this time evolution, one verifies that a divergence in ä must be compensated by
a symmetric divergence of the same degree in some other variable1. In order to have a better
insight on which variables should be allowed to compensate the divergence in ä, let us rewrite

























































We thus verify that the effective energy density is proportional to the scalar fields and their
first-order time derivatives, whereas the effective pressure features terms proportional to the
second-order derivatives of the scalar fields. According to the definition of sudden singularity,
to keep both ρ and ρeff finite and allow for p and peff to diverge, the quantities ϕ, ψ, ϕ̇ and
ψ̇ should remain finite, which consequently implies that V is finite, and the quantities ϕ̈
and ψ̈ should be allowed to diverge. Thus, one concludes that the divergence in ä must be
compensated by divergences in ϕ̈, ψ̈, or p.
1In this analysis it is implicitly assumed that the target functions are smooth enough, i.e., at least C4-
differentiable in time.
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Turning now to the equations for the scalar fields, from Eq. (3.5) one verifies that,
keeping the same assumptions as in the previous paragraph, a divergence in ϕ̈ must be
compensated by a divergence in the pressure p. On the other hand, from Eq. (3.6) one
verifies that the only possibly divergent term in this equation is ψ̈. As this equation cannot
be satisfied if none of the remaining terms compensates for the divergence of ψ̈, one concludes
that although we have not excluded the possibility of a divergence in ψ̈, the structure of Eq.
(3.6) prevents the occurrence of such a divergence. Consequently, as the divergence in ä from
Eq. (3.4) cannot be compensated by a divergence in ψ̈, the only possibility left is that both
ϕ̈ and p must also present divergences (sudden singularities) at the same instant as ä.
Finally, let us look into the energy conservation equation. From Eq. (3.7), one verifies
that a divergence in the pressure p must be compensated either by a divergence in the energy
density ρ or its first time derivative ρ̇. As we want to preserve the regularity of the energy
density, i.e., that ρ remains finite throughout the entire time evolution, we conclude that
ρ̇ must also present a sudden singularity at the same instant and with the same degree of
divergence as ä.
3.2.1 Absence of sudden singularities in ä
Given the arguments stated above, we shall be looking for sudden singularities occurring in ä,
ϕ̈, ρ̇ and p, while keeping a, ȧ, ρ, ϕ, ϕ̇, ψ, ψ̇ and ψ̈ finite. Let us assume that these finite-time
divergences occur at an instant t = ts. Thus, as t→ ts, the terms depending on non-divergent
quantities are sub-dominant and one can derive an asymptotic system of equations close to
t = ts. We are thus left with the asymptotic system of Eqs. (3.4), (3.5) and (3.7), as
ä
a
' − 8πp+ ϕ̈
2 (ϕ− ψ)
, (3.13)




Now, the dependency of Eq. (3.13) in the pressure p can be cancelled via the use of
Eq. (3.14). Consequently, one obtains an identically vanishing right-hand side in Eq. (3.13).
Similarly to what happens with Eq. (3.6), one verifies that there are no other divergent terms
in this equation that could compensate a divergence in ä, and thus a sudden singularity in ä is
prevented by the very structure of the field equations in the generalized hybrid metric-Palatini
gravity. This result is somewhat expected from the analysis in Ref. [24], as the scalar field ϕ
is dynamically equivalent to a Brans-Dicke scalar field with a parameter ωBD = 0, a theory
in which one would obtain ä = 0.
3.2.2 Absence of sudden singularities in
...
a
The results of Sec. 3.2.1 indicate that the terms ä and ψ̈, which were allowed to diverge
in a finite time ts, must remain finite to preserve the consistency of Eqs. (3.4) and (3.6),
respectively. However, these results do not yet exclude the possibility of sudden singularities
in φ̈, ρ̇, p, or even higher-order time derivatives of the scale factor, like ...a . To explore this
possibility, one can differentiate the system of Eqs. (3.4)–(3.7) with respect to time and repeat
the analysis.
Let us start by analyzing the first time derivative of Eq. (3.6). Similarly as before, as
we have already concluded that the term ψ̈ must be finite, the only term that could possibly
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diverge in this equation is
...
ψ . In the absence of a second divergent term to compensate for
the divergence in
...
ψ and preserve the validity of this equation, we are forced to conclude that...
ψ must remain finite. The remaining equations, namely, Eqs. (3.4), (3.5) and (3.7) yield,
after differentiation with respect to time, the following asymptotic system near t→ ts
...








(ρ̇− 3ṗ)− 3 ȧ
a
ϕ̈, (3.17)
ρ̈ ' − 3
a2
[





One can now use Eq. (3.15) to cancel the dependency of Eq. (3.17) in ρ̇, following by
the use of the result to cancel the dependency of Eq. (3.16) in ṗ, as well as use Eq. (3.14) to
cancel the dependency in p. As a result, we obtain an identically vanishing right-hand side
in Eq. (3.16). Again, as there are no other divergent terms in this equation to compensate
for a possible divergence in ...a and preserve the validity of the equation, we conclude that the
structure of the field equations prevents the appearance of sudden singularities in ...a .
3.2.3 Sudden singularities in higher-order time derivatives
The first non-trivial results arise when one considers the fourth-order time derivatives of the
scale factor, which we will be representing by a(4) to lighten the dot notation. To understand
the origin of this non-triviality, let us consider the time derivatives of the terms depending
on the potential or its partial derivatives with respect to the scalar fields ϕ or ψ. The first
and second time derivatives of the potential terms are, respectively:
V̇ = Vϕϕ̇+ Vψψ̇, (3.19)
V̈ = Vϕϕϕ̇
2 + Vϕϕ̈+ Vψψψ̇
2 + Vψψ̈ + 2Vϕψϕ̇ψ̇. (3.20)
Thus, although the potential V itself is finite throughout the entire time evolution, along
with the scalar fields ϕ and ψ and their time derivatives ϕ̇, ψ̇ and ψ̈, the second time deriva-
tives of the potential-dependent terms contribute with a possibly divergent term Vϕϕ̈. The
appearance of these extra terms when one takes the second time derivative of the system of
Eqs. (3.4)-(3.6) effectively breaks the structure of the field equations that prevent the sudden
singularities from appearing in the time derivatives of the scale factor, i.e., the self-consistency
of the field equations that leads to a cancellation of the divergent terms in the higher-order
derivatives of a by the same-order derivatives of ϕ (e.g. when Eqs.(3.14) and (3.17) were in-
troduced into Eqs.(3.13) and (3.16), respectively, leading to trivial identities) no longer holds
when the extra terms arise.
Let us then analyze the second time derivatives of the system of Eqs. (3.4)–(3.7).
In particular, note that the second time derivative of Eq. (3.6) will now feature a term
proportional to ϕ̈ which can compensate a possible divergence in the fourth time derivative
ψ(4), and this equation will no longer be trivial in the asymptotic t→ ts regime. Taking the
second time derivatives of Eqs. (3.4)–(3.7) and discarding sub-dominant terms near ts (i.e.,
those that have already been proven to remain finite), one obtains







+ 64πaȧṗ+ 16πa2p̈+ ϕ̈
(
































(Vϕϕ + Vψϕ) , (3.23)
ρ(3) ' −3 ȧ
a



















One can now cancel the dependencies of Eq. (3.21) in the variables p, ṗ, p̈, ψ(4) and Vϕ




' ϕ̈ Vϕϕ. (3.25)
This result confirms that the sudden singularity is sourced by the extra terms arising
from the second time derivatives of the potential-dependent terms, as taking the particular
case of a vanishing potential would lead again to an identically vanishing right-hand side of
Eq. (3.21), and consequently a(4) would be forcefully finite. Furthermore, notice that the
potential V must be at least quadratic in the scalar field ϕ to guarantee that the right-hand
side of Eq. (3.25) is non-zero.
4 Model with sudden singularities
4.1 Explicit solution for the scale factor
Considering the results of Eq. (3.25), we now analyze models with the simplest possible V
that supports the existence of sudden singularities while simplifying Eqs. (3.4)–(3.7). This
potential is quadratic in both ϕ and ψ, of the form
V (ϕ,ψ) = V0 (ϕ− ψ)2 , (4.1)
where V0 is an arbitrary constant. As shown in previous works [46, 47], the potential chosen
in Eq. (4.1) is particularly useful given the fact that all potential-dependent terms in Eqs.
(3.5) and (3.6) cancel mutually, and these two equations simplify considerably. Consequently,







Note that this result requires the sudden singularities to occur simultaneously in both a(4) and
ϕ̈. As the system of Eqs. (3.4)–(3.7) consists of 4 independent equations for the 6 unknowns
a, ϕ, V , ψ, ρ, and p, and we have already fixed the form of the potential V in Eq. (4.1), we
still have the freedom to impose a constraint on the system, such as an explicit form for the
scale factor, to close the system. For the sake of this paper, and following Barrow [25], let us
choose the following ansatz for the scale factor











where as is the value of the scale factor at the sudden singularity time ts, and γ and δ are
constant exponents that shall be required to satisfy a few conditions, as explained next. The
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Figure 1. Scale factor a (t) from Eq.(4.3) and its fourth time derivative a(4) (t) as a function of time
t with as = 2, ts = 2, γ = 9/2, δ = 7/2. A sudden singularity in a(4) occurs at time t = ts.
chosen ansatz for a satisfies the property a (0) = 0. The n-th derivative of Eq. (4.3) is given
in the general form
















(δ − i) . (4.4)
The first term in Eq. (4.4) is responsible for keeping the regularity of the scale factor at the
origin, and thus all derivatives of this term up to order n should be regular at t = 0 if γ > n.
On the other hand, the second term in Eq. (4.4) causes the sudden singularity to appear at
t = ts. These singularities will appear whenever n > δ. Furthermore, the exponents γ and
δ must not be whole numbers to avoid the situations γ = n or δ = n to arise, as this would
remove the dependencies of a(n) in either t/ts or 1− t/ts, respectively. As we want the scale
factor in Eq. (4.3) to present a sudden singularity only at the fourth-order time derivative
a(4), we thus require that 3 < δ < 4 < γ.
Under the considerations above, we have that a(4) (t→ ts) → −∞. According to Eq.
(4.2), ϕ̈ will diverge either to +∞ or −∞ depending on the sign of V0 being negative or
positive, respectively. Furthermore, from Eq. (3.14) it is clear that the pressure p will diverge
in the opposite direction as ϕ̈. Consequently, in order to preserve the validity of the SEC, we
require that p (t→ ts) → +∞, which requires ϕ̈ (t→ ts) → −∞, and thus the constant V0
must be positive.
In Fig. 1 we plot the scale factor a (t) given in Eq. (4.3) and its fourth time derivative
a(4) (t) as functions of time t for a given combination of parameters. The scale factor presents
an initial deceleration period which is followed by a late-time cosmic acceleration. The fourth-
order time derivative starts at a negative finite value at t = 0, changes sign and stays positive
throughout most of the time evolution, until it suddenly reverses its behavior and diverges to
negative values at ts.
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Figure 2. Normalized scale factor ā = as/a0 (left panel) and normalized divergence time t̄ = ts/t0
(right panel) as a function of γ and δ for the model given in Eq.(4.3) subjected to the cosmological
parameter constraints in Eq.(4.8). Both ā and t̄ are shown to grow with γ and δ.
4.2 Constraints from the cosmological parameters
In this section, we use the measurements of the cosmological parameters from the Planck
Satellite [4] to impose constraints on the value of the scale factor at the sudden singularity
event, as, and the time ts at which it occurs. In particular, we will be working with the
Hubble parameter H and the deceleration parameter q defined in terms of the scale factor




, q = − äa
ȧ2
. (4.5)
According to the measurements of the Planck Satellite, the experimental values of these
cosmological parameters at the present time are roughly H0 ∼ 67.66 km s−1Mpc−1 and
q0 ∼ −0.53, where the value of the present time t0, also known as the age of the universe, is
measured to be t0 ∼ 13.79 Gy. Using Eqs. (4.3) and (4.4), the cosmological parameters H
and q from Eq. (4.5) take the forms
H (t) = −






















































































Figure 3. Present jerk parameter j0 (left panel) and present snap parameter s0 (right panel) from
Eq.(4.9) as a function of γ and δ for the model given in Eq.(4.3) subjected to the cosmological
parameter constraints in Eq.(4.8). These parameters are shown to vary just slightly with δ and
approximately linearly with γ.
Inserting the measured values of the Hubble parameter H0, the deceleration parameter
q0 and the age of the universe t0 into Eqs. (4.6) and (4.7), i.e., writing
H (t = t0) = H0, q (t = t0) = q0, (4.8)
one obtains a set of two equations for the four unknowns γ, δ, as, and ts. Given that in Sec. 4.1
we have concluded that the parameters γ and δ must satisfy the inequalities 3 < δ < 4 < γ to
guarantee that the sudden singularity appears at the fourth-order time derivative of the scale
factor a(4), we can set the values for γ and δ in Eqs. (4.8) and solve for the two remaining
unknowns as and ts. This allows us to predict what would be the divergence time ts for
these models, while keeping the cosmological parameters consistent with the experimental
measurements.
In Fig. 2 we provide contour plots of the normalized scale factor ā = as/a0, where
a0 = a (t = t0), and normalized divergence times t̄ = ts/t0 as functions of the exponents γ
and δ in the range 3 < δ < 4 < γ < 5 under the constraint of Eq. (4.8). Both ā and t̄
are shown to increase with the exponents γ and δ in these intervals, and thus the measured
values for the cosmological parameters H0 and q0 constraint the divergence times to the
interval tmin < ts < tmax, with tmin ∼ 3.36t0 and tmax ∼ 6.56t0. The scale factor as at which
these sudden singularities happen is thus also constrained to the interval amin < as < amax,
with amin ∼ 12.1a0 and amax ∼ 535a0.
This methodology also allows one to obtain a prediction for the cosmological jerk j and
snap s parameters (which are sensitive to higher-order derivatives of the scale factor a (t)),









Similarly as before, we set the values of the exponents γ and δ in the ranges 3 < δ < 4 < γ < 5
and consider the values of the constants as and ts arising from Eq. (4.8). The predicted present
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values of j and s can then be obtained by setting t = t0 in Eq. (4.9). In Fig. 3 we provide
contour plots of the present jerk parameter j (t = t0) ≡ j0 and snap parameter s (t = t0) ≡ s0
as functions of the exponents γ and δ under the considerations described above. Our results
constrain j and s to be in the ranges jmin < j0 < jmax, with jmin ∼ 2.54 and jmax ∼ 3.54, and
smin < s0 < smax, with smin ∼ 2.28 and smax ∼ 6.52. Furthermore, these results indicate that
both j and s are only slightly affected by variations of δ in the range of interest, although they
both scale in an approximately linear manner with variations of the exponent γ. The present
parameters j and s have not been measured in experimental data yet. However, a previous
work in the generalized hybrid metric-Palatini gravity has shown that a jerk parameter with
an order of magnitude j ∼ 1 would also provide results consistent with the observations of q0
and H0 from the Planck satellite [62].
5 Conclusions
In this work, we explored the possibility of sudden singularities arising in the cosmological
context of the generalized hybrid metric-Palatini gravity. Similarly to what happens in Brans-
Dicke theories of gravity with a parameter ωBD = 0, sudden singularities do not arise at
the second-order and third-order time derivatives of the scale factor. However, we have
shown that, due to the presence of a scalar potential in the modified field equations, sudden
singularities are possible in the fourth-order and higher time derivatives of the scale factor,
as the second time derivative of the scalar field will contribute with possibly divergent terms
proportional to ϕ̈. For these singularities to appear, one needs the potential V to be at least
quadratic in the scalar field ϕ, which is associated with the presence of a mass term.
Using an adequate ansatz for the scale factor and a well known form for the potential
V , which was shown in other works [46, 47] to considerably simplify the equations of motion
of the scalar fields, we have proposed a broad class of models for which sudden singularities
appear in the fourth-order time derivative of the scale factor in FLRW cosmologies. Under
an appropriate choice of the normalization constant V0 of the potential, one is able to control
the sign of the pressure p, thus guaranteeing that the SEC is satisfied throughout the entire
time evolution of the system, including at the divergence time ts. Furthermore, we concluded
that these results are independent of the spacetime geometry k, as the terms dependent on
this quantity are always sub-dominant near the sudden singularity.
The cosmological measurements of the Hubble parameterH0, the deceleration parameter
q0, and the age of the universe t0 conducted by the Planck Satellite allowed us to impose
constraints on the divergence time ts. For our model to be compatible with the experimental
measurements of these parameters, the divergence time ts is constrained to the interval tmin <
ts < tmax, with tmin ∼ 3.36t0 and tmax ∼ 6.56t0. Therefore, the present scenario with
sudden singularities cannot be discarded on the grounds of the tests regarding the cosmological
background evolution, though the analysis of the perturbations of the current model should
be carried out in order to test its viability. In particular, potential deviations from the
homogeneity/isotropy assumption of the space-time in the transition from the background
cosmological evolution to the perturbations should be addressed in order to examine in detail
its effects in the vicinity of the sudden singularity and its consequences for physical observers.
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